afferent inhibition (SAI) is characterized by the suppression of the transcranial magnetic stimulation motor evoked potential (MEP) by the cortical arrival of a somatosensory afferent volley. It remains unknown whether the magnitude of SAI reflects changes in the sensory afferent volley, similar to that observed for somatosensory evoked potentials (SEPs). The present study investigated stimulus-response relationships between sensory nerve action potentials (SNAPs), SAI, and SEPs and their interrelatedness. Experiment 1 (n ϭ 23, age 23 Ϯ 1.5 yr) investigated the stimulus-response profile for SEPs and SAI in the flexor carpi radialis muscle after stimulation of the mixed median nerve at the wrist using ϳ25%, 50%, 75%, and 100% of the maximum SNAP and at 1.2ϫ and 2.4ϫ motor threshold (the latter equated to 100% of the maximum SNAP). Experiment 2 (n ϭ 20, age 23.1 Ϯ 2 yr) probed SEPs and SAI stimulus-response relationships after stimulation of the cutaneous digital nerve at ϳ25%, 50%, 75%, and 100% of the maximum SNAP recorded at the elbow. Results indicate that, for both nerve types, SAI magnitude is dependent on the volume of the sensory afferent volley and ceases to increase once all afferent fibers within the nerve are recruited. Furthermore, for both nerve types, the magnitudes of SAI and SEPs are related such that an increase in excitation within somatosensory cortex is associated with an increase in the magnitude of afferent-induced MEP inhibition.
IN AN INFLUENTIAL STUDY,
demonstrated that peripheral nerve stimulation reduces the amplitude of transcranial magnetic stimulation (TMS) motor evoked potentials (MEPs) when the two inputs are timed to nearly coincide within the motor cortex, a circuit called short-latency afferent inhibition (SAI). SAI is elicited by delivering a TMS pulse ϳ2-8 ms after the arrival of the afferent volley in somatosensory cortex (SI) [i.e., corresponding to the N20 somatosensory evoked potential (SEP) ]. SAI appears to originate within the sensorimotor cortices since it is not observed with transcranial electrical stimulation and there is a concomitant suppression of late indirect waves (Di Lazzaro et al. 2012; Tokimura et al. 2000) with no impact on spinal excitability as measured by F waves (Chen et al. 1999; Classen et al. 2000; Tamburin et al. 2001; Tokimura et al. 2000) . SAI is found in both homo-and heterotopic muscles after stimulation of the mixed median nerve (MN) at the wrist (Fischer and Orth 2011) . In contrast, SAI evoked by digital nerve (DN) stimulation demonstrates a somatotopic distribution such that SAI is greater (i.e., more inhibition) and occurs at an earlier latency in muscles that are in closer proximity to the stimulating electrode (Classen et al. 2000) . SAI is modulated during specific phases of movement (Asmussen et al. 2013 (Asmussen et al. , 2014 Voller et al. 2006) , indicating its use in studying motor control. SAI is reduced and/or abolished in Alzheimer's disease (Di Lazzaro 2004 ) and Parkinson's disease (Sailer et al. 2003 (Sailer et al. , 2007 , particularly in those presenting with mild cognitive impairment (Yarnall et al. 2013) or dementia (Celebi et al. 2012) , although opposite effects are also observed (Di Lazzaro et al. 2004; Nardone et al. 2005 ). Pharmacological studies demonstrate that SAI is abolished in the presence of lorazepam and scopolamine (Di Lazzaro et al. 2000 , 2005 and is increased with diazepam (Di Lazzaro et al. 2005) , indicating the influence of different GABA A subunits and acetylcholine in the genesis and/or maintenance of this circuit.
SI is able to encode the intensity of afferent input (Lin et al. 2003) . In humans, SEPs recorded over SI demonstrate an increasing stimulus-response relationship with the mixed median sensory nerve action potential (SNAPs). The amplitudes of MN SEPs are maximal at ϳ50% of the maximum SNAP (i.e., SNAP max ), with further increases in SNAP attributed to contributions from antidromic efferent fibers (Gandevia and Burke 1984; Lesser et al. 1979) . It is known that SAI increases as the conditioning stimulus intensity increases from sensory to motor threshold (Fischer and Orth 2011); however, its magnitude as a function of the sensory afferent volley has not been studied. We reasoned that if the magnitude of SAI depends on the volume of sensory afferent fibers then SAI should cease to increase once all sensory fibers are recruited. Therefore, SAI should increase to ϳ50% SNAP max for the mixed MN and 100% SNAP max for a purely sensory nerve, analogous to changes in the SEP. Furthermore, by delivering MN stimulation as pairs of pulses the SEP responses to the first (i.e., SEP 1) and second (i.e., SEP 2) stimuli are recorded, the latter of which is typically suppressed (Gatica Tossi et al. 2013; Höffken et al. 2010 Höffken et al. , 2013 . The relationship between the sensory afferent volley and SEP 2 also remains unknown.
The present study examined the stimulus-response relationship between SAI and SEPs for the mixed MN (Fischer and Orth 2011; Gandevia and Burke 1984) and purely cutaneous DN (Taylor et al. 1992) . The data indicate that for each nerve type SEPs and SAI follow a similar trend as a function of the sensory afferent volley and that both measures are maximal when the sensory fibers are fully recruited. These data indicate that the magnitude of SAI is determined by the volume of the sensory afferent volley.
METHODS

Participants
Thirty-three self-reported right-handed individuals participated in one of two experiments with ten of those participating in both experiments [experiment 1: n ϭ 23 (10 men, 13 women), mean age: 23 Ϯ 1.5 yr; experiment 2: n ϭ 20 (7 men, 13 women), age 23.1 Ϯ 2 yr]. The study conformed to the Declaration of Helsinki and was approved by the McMaster Research Ethics Board. All individuals provided written consent prior to participation.
Experiment 1. Median Nerve Evoked SNAPs, SEPs, and SAI
SNAPs were recorded by placing surface electrodes over the MN at the elbow just proximal to the medial epicondyle. EMG signals were amplified (1,000ϫ), band-pass filtered (high pass of 20 Hz and low pass of 2,500 Hz), collected, and stored (CED 1401, Signal v5). The MN, a mixed nerve containing both sensory and motor fibers, was stimulated with a bar electrode at the wrist slightly medial and proximal to the styloid process of the radius and just lateral to the tendons of the wrist with the cathode proximal. A constant-current stimulator (Digitimer DS7AH) provided square wave pulses with a duration of 0.5 ms. Initially, SNAP amplitude (peak to peak) was assessed at 5 mA and averaged over 50 epochs. The current was then increased by 1 mA, and SNAPs were again collected and averaged over 50 epochs. This procedure was repeated until the amplitude of the SNAP ceased to increase over three consecutive blocks of 50 epochs. Five MN stimulation intensities were subsequently tested and defined as the stimulator output that elicited ϳ25%, 50%, and 75% of SNAP max and 1.2ϫ and 2.4ϫ motor threshold (MT) based on a visible muscle twitch in the abductor pollicis brevis (APB).
SEPs were acquired at electrode position C3= and referenced to Fz (International 10-20 System) with the ground electrode over the clavicle. Impedance was Ͻ5 k⍀ at each scalp electrode. For each of the five intensities, 500 pairs of MN stimuli were delivered at a rate of 1 Hz and separated by an interstimulus interval (ISI) of 30 ms (Allison 1962; Höffken et al. 2007; McLaughlin and Kelly 1993) to allow the investigation of the first (SEP 1) and second (SEP 2) SEPs. SEP signals were amplified (10,000), band-pass filtered (high pass of 2 Hz and low pass of 2,500 Hz), and collected (CED 1401, Signal v5). SEPs were obtained from the time-locked average of ϳ500 epochs. SEP 1 was determined as the peak-to-peak amplitude of the first N20-P25 potential. Intracortical inhibition within SI was determined by the amplitude of SEP 2, which is suppressed at ISIs of 30 ms (Allison 1962; Höffken et al. 2007; McLaughlin and Kelly 1993) .
SAI was recorded with Ag-AgCl surface electrodes (9 mm) placed over the flexor carpi radialis (FCR) muscle of the right forearm with the active electrode placed ϳ3 cm distal and 2 cm lateral to the medial epicondyle, the reference placed over the tendons of the wrist, and the ground electrode placed over the medial styloid process of the wrist. TMS was performed by delivering monophasic pulses with a 50-mminner diameter figure-of-eight branding coil connected to a Magstim 200 2 stimulator (Magstim). The motor hot spot for FCR was determined as the location providing the most reproducible MEP in the relaxed FCR muscle. The coil was positioned ϳ45°to the midsagittal line to induce a current in a posterolateral-to-anteromedial direction over the left-hemisphere motor cortex. Brainsight Neuronavigation 2 (Rogue Research) was used to target and track the TMS coil position and orientation corresponding to the location of the motor hot spot. To elicit SAI, the TMS intensity was set to evoke MEPs of ϳ1 mV in the relaxed FCR. The ISI between the peripheral nerve stimulus and TMS pulse was derived from the latency of the N20 component from the SEP obtained in each participant, and an additional 2 ms was added to elicit greatest inhibition (Tokimura et al. 2000) . For each of the five intensities tested, 15 conditioned MEPs (i.e., MEP nerve-TMS ) and 15 unconditioned MEPs (i.e., MEP TMS ) were randomly presented with a 5-s intertrial interval. SAI was expressed as a ratio of the amplitude of the conditioned to unconditioned MEPs
Experiment timeline. Participants experienced five testing blocks that acquired SNAPs, SEPs, and SAI, each of which corresponded to a single SNAP max intensity. The intensity order was pseudorandomized across participants with a Williams square design.
Experiment 2. Digital Nerve Evoked SNAPs, SEPs, and SAI
SNAPs and SEPs were recorded as described in experiment 1. To stimulate the DN, ring electrodes were placed over proximal and middle phalanges of the index finger of the right hand. A constantcurrent stimulator (Digitimer DS7AH) provided square wave pulses with a duration of 0.5 ms. The sensory threshold (ST) was obtained at this location and defined as the minimum stimulator intensity resulting in sensation in the vicinity of the ring electrodes. The DN was stimulated at four intensities each corresponding to ϳ25%, 50%, 75%, and 100% of the SNAP max in separate blocks. DN SEPs are typically smaller than those obtained by mixed nerve stimulation; therefore DN SEPs were averaged over 1,000 epochs and the stimuli were delivered at 3 Hz to reduce the overall time required to acquire the data. DN SEPs were quantified by the peak-to-peak amplitude of the N20-P25 potential. SAI was probed in two muscles: the first dorsal interosseous (FDI), for which the DN innervates the overlying skin, and FCR, which is not directly innervated by the DN. SAI is regularly obtained in FDI after DN stimulation (Asmussen et al. 2013 ), while it is less often reported in FCR. To elicit SAI, the TMS pulse was timed to the individual N20 latency plus 2 ms and the resulting MEP was normalized as above.
Experiment timeline. Five testing blocks were performed. The first four included the collection of SEPs with the order of intensity pseudorandomized according to a Williams square design. SAI was acquired in the final block whereby MEP nerve-TMS (n ϭ 15 per intensity) was presented with the same randomization as the SEP collection Williams square design and MEP TMS was acquired in blocks of five trials between each MEP nerve-TMS collection presented (i.e., n ϭ 20, 4 blocks ϫ 5 trials each).
Data Analyses
The actual SNAP amplitudes were computed and subsequently compared against neighboring intensities via two-tailed paired t-tests. SNAPs that were not significantly different from the neighboring SNAP amplitude were averaged to create a single intensity. One-way repeated-measures ANOVA with factor Intensity (4 levels) was performed for SEP 1, SEP 2, and SAI. For SAI in experiment 2, a two-way repeated-measures ANOVA [within-subject factors Intensity (4 levels) and Muscle (2 levels: FDI and FCR)] was performed. Post hoc Tukey's honestly significant difference tested for differences in the case of significant F-statistics. For experiment 1, we tested the hypothesis that SAI should increase with an increase in stimulation intensity to approximately MT (47% SNAP max ) (Dinse et al. 2013 ; Fischer and Orth 2011) using a one-tailed paired t-test (ϳ25% vs. ϳ50% SNAP max ). Pearson's correlation analyses were performed between SEP 1 and SAI to assess the relationship between the excitation of SI and the inhibition in the MEP. Furthermore, the amount of change in SNAP, SAI, and SEP measures were assessed between each level of SNAP max and were qualitatively assessed for similarities. If the assumptions of sphericity were not met, Greenhouse-Geisser corrections were used. The normality of the distribution was tested via Kolmogorov and Smirnov tests, and if normality was not met the data were subsequently log transformed before ANOVA. All normality tests and ANOVAs were performed with SPSS version 23 (IBM Technologies), and significance was set at P Ͻ 0.05. Post hoc testing was performed with SAS (SAS Institute).
RESULTS
Experiment 1. Median Nerve Evoked SNAPs, SEPs, and SAI
One participant was not able to complete the highest intensity because of discomfort, and one participant had SEP responses Ͼ2 SD away from the mean at all intensities. Data from the remaining 21 individuals (8 men, 13 women; mean age: 23 Ϯ 1.54 yr) were included in the subsequent analyses. The MN SAI data were not normally distributed (P ϭ 0.027), and the data were log transformed and subsequently passed normality (P ϭ 0.2). Therefore, for MN SAI the ANOVA was performed on the logarithmic transformed data.
MN stimulation was delivered to obtain SNAPs of approximately 25%, 50%, and 75% SNAP max and at 1.2ϫ and 2.4ϫ MT. After collection of the SNAPs all intensities were expressed as a percentage of SNAP max. The intensity of 2.4ϫ MT yielded SNAPs that reached 100% SNAP max . Therefore, 2.4ϫ MT was renamed as 100% SNAP max. The amplitudes of all other stimulating intensities were subsequently normalized to this value and are expressed in Table 1 . These values are referred to here. SNAPs were not significantly different between 44% SNAP max and 1.2ϫ MT (49% SNAP max ) (P ϭ 0.106), and data for these two intensities were averaged for each individual prior to subsequent analyses. Following this average, all adjacent intervals of %SNAP max were statistically different (20% vs. 47%, 47% vs. 71%, 71% vs. 100%, P Ͻ 0.001). (3, 60) ϭ 1.118; P ϭ 0.349], which had an amplitude of ϳ2 V at all intensities, suggesting a potential ceiling effect for activation within SI after a nerve stimulus 30 ms earlier. Figure 1A plots an example SNAP data set recorded from one participant after MN stimulation. Figure 1B plots an example data set of traces showing SEP 1 and SEP 2 from one individual at each percentage of SNAP max . Table 2 displays the group-averaged SAI at each percentage of SNAP max . One-way ANOVA revealed no effect of Intensity [F (3,60) ϭ 0.469; P ϭ 0.705]. However, in support of the hypothesis, SAI increases from 20% to 47% SNAP max (P ϭ 0.024, 1-tailed, paired t-test), where 47% is the maximum depth of SAI observed. Therefore, similar to SEP 1, SAI increased to ϳ50% of SNAP max . Figure 1C illustrates an example SAI data set from one individual at each percentage of SNAP max .
Correlation analyses between the magnitude of SEPs and SAI are shown in Fig. 1D . SEP 1 and SAI are positively correlated (r ϭ 0.276, P ϭ 0.012), indicating that increases in SEP 1 are associated with increases in SAI (i.e., greater inhibition). Additional information is obtained from the second-order polynomial trend lines (Fig. 1E ) that show that increases in SEPs are concomitant with increases in SAI (i.e., increased inhibition) and both measures cease to increase further at ϳ50% SNAP max . Figure 1E also plots the motor threshold for a twitch in APB (i.e., MT) to demonstrate that this intensity, frequently used in research, falls between 20% and 47% SNAP max . For each of the three increments of SNAP (20 -47%, 47-71%, 71-100%) the magnitude and direction of corresponding changes in SEPs and SAI are plotted in Fig. 1F . This plot reaffirms that the increase in SNAP is not always met with increases in SEPs or SAI, as both measures cease to increase despite the increase in the amplitude of SNAP. Collectively, experiment 1 data indicate that the MN evoked SAI and SEPs follow a similar recruitment pattern and also cease to increase beyond ϳ50% of SNAP max .
Experiment 2. DN Stimulation
For DN stimulation, 20 right-handed individuals were studied (7 men, 13 women; age 23.1 Ϯ 2 yr) and included in all subsequent analyses. The data for DN SAI were not normally distributed (FCR, P ϭ 0.003; FDI, P ϭ 0.001), and two outliers originating from the same participant were identified and subsequently removed. After removal of the outliers the data were normally distributed (P ϭ 0.20). The actual groupaveraged DN nerve intensities delivered, based on percentage of SNAP max , are shown in Table 1 and are referred to here.
Group-averaged peak-to-peak N20-P25 SEPs are shown in For measurements of median nerve (MN) sensory nerve action potential (SNAP), headings indicate intended values of stimulation intensity, with the actual group-averaged intensity collected represented below as actual amplitude (V), in %SNAP max (% Max ), and in current (mA) with standard error (SE). Actual values obtained included 44% and 49% SNAP max (at 1.2ϫ MT), and these were not statistically different. Data from these intensities were averaged to create a single intensity at 47%. For measurements of digital nerve (DN) SNAP, headings indicate intended values of stimulation intensity, with the actual group-averaged intensity collected represented below as actual amplitude (V), in %SNAP max (% Max ), and in current (mA) with standard error (SE).
was greater at 55%, 84%, and 100% vs. 21% and greater at 100% vs. 55% SNAP max (P Ͻ 0.05, Tukey's). For SAI (Table  2) , two-way ANOVA revealed a significant main effect of Intensity [F (3,54) ϭ 7.25, P Ͻ 0.001] and a trend toward a significant effect of Muscle [F (1,18) ϭ 4.39, P ϭ 0.051] without their interaction [F (3,54) ϭ 1.13 P ϭ 0.34]. For the factor Intensity, SAI is greater at all intensities compared with 21% SNAP max (P Ͻ 0.05, Tukey's). Figure 2A plots an example SNAP data set recorded from one participant after DN stimulation. Figure 2B plots the positive correlations between SEPs and SAI for FCR (Fig. 2B , bottom) and FDI (Fig. 2B, top) . Corresponding trend lines are plotted in Figure 2C . Unlike the MN evoked responses, SEPs and SAI continue to increase until SNAP max . For comparison, we have plotted the group-averaged sensory thresholds (STs) commonly used in research (ST, 2ϫ ST, and 3ϫ ST), all of which fall below 100% SNAP max . Finally, Fig. 2D plots the change in SEPs and SAI within each SNAP increment and reveals that both measures increase until the maximum SNAP is achieved, in contrast to that observed after stimulation of the mixed MN. In summary, the DN data reveal that SEPs and SAI continue to increase with the SNAP until SNAP max is reached.
DISCUSSION
The present study examined the stimulus-response relationship between SAI and the sensory afferent volley and between SAI and SEPs, the latter of which is known to reliably reflect the afferent volley (Gandevia and Burke 1984; Lesser et al. 1979) . Several novel observations were revealed. First, the depth of SAI is indeed linked to the sensory afferent volley; increases in SAI are associated with increases in the sensory afferent volley. This relationship persists for the mixed MN, where the afferent fibers are likely fully recruited by ϳ50% SNAP max , and also for the purely cutaneous DN, where afferent fibers contribute until the maximum SNAP is obtained. Second, measures of SAI and SEPs are closely related-as SEPs increase, SAI increases, and both measures behave similarly regardless of nerve stimulated and muscle tested.
The amplitude of the N20-P25 SEP generated after MN stimulation increased up to ϳ50% SNAP max (i.e., 1.2ϫ MT) and plateaued beyond this point, similar to previous reports (Gandevia and Burke 1984; Lesser et al. 1979 ). An alternative explanation is that above 50% SNAP max subcortical structures including the dorsal column nuclei, ventro-posterior lateral/ anterior nuclei of the thalamus, and thalamic reticular nucleus may provide a gating mechanism to reduce the afferent information arriving at the cortex (Guillery et al. 1998 ). The present findings, however, suggest that the SEP plateau reflects the point at which all sensory fibers within the MN have been recruited (i.e., ϳ50% SNAP max ), since the cutaneous DN SEPs increase until the maximum SNAP is reached. Therefore, our findings support the suggestion by Gandevia and Burke (1984) that MN evoked SNAPs are contributed by antidromic motor fibers beyond ϳ50% SNAP max . The stimulus response profile of SAI follows closely with that of SEP 1. Both measures increased up to 50% SNAP max with MN stimulation, and both increased to 100% SNAP max with DN stimulation. It is also interesting to note that MN SAI follows a U-shaped function and is decreased slightly beyond ϳ71% SNAP max . Although we did not assess the percept of pain in our study, SAI is reduced immediately after painful stimuli (Burns et al. 2016) , and this may have contributed to our observation.
The pathway by which the afferent volley projects to M1 to produce SAI remains unclear-does the afferent volley proceed to M1 via a direct thalamo-cortical projection (Di Lazzaro et al. 2012) or via a relay through SI? Although our data cannot exclude a direct thalamo-cortical route for the SAI circuit, our results support a relay through SI since SEPs are significantly correlated with SAI after both MN and DN stimulation, suggesting that the activation of SI is closely linked to the inhibition present in M1. One mechanism to explain such cortico-cortical conditioning from SI involves pyramidal cells that, within SI, have long-range horizontal monosynaptic excitatory projections to neurons within M1 (Petrof et al. 2015) and are able to drive the output of cells in the upper layers of M1 but have little influence on the cells in the lower layers (Petrof et al. 2015; Sherman 2012) . SAI is associated with a reduction in the amplitude of the indirect (I) waves, specifically the late I-3 wave but not the earlier I waves (Tokimura et al . 2000), and the GABAergic inhibitory neurons are involved in Values are group-averaged values for somatosensory evoked potential (SEP) and short-latency afferent inhibition (SAI) with standard error (SE) for both the median (MN) and digital (DN) nerves at each percentage of the actual maximum sensory nerve action potential (SNAP). MN SAI was evoked in the flexor carpi radialis (FCR), while DN SAI was performed in both the FCR and the first dorsal interosseous (FDI). For MN SEP 1, 47%, 71%, and 100% SNAP max are larger than 20% SNAP max (*). For MN SAI, 47% is larger than 20% SNAP max (*). For DN SEP, 55%, 84%, and 100% are larger than 21% SNAP max (*) and 100% is larger than 55% SNAP max ( †). For DN SAI in both FDI and FCR a main effect of intensity shows greater SAI at 100%, 84%, and 55% compared with 21% SNAP max (*).
the suppression of late and not early I waves (Di Lazzaro et al. 2012) . Furthermore, the interval we tested (i.e., N20 ϩ 2 ms) yields stronger inhibition than that observed at longer intervals (i.e., N20 ϩ 6 ms or ϩ 8 ms), the latter of which appear to be mediated by the cerebellum (Dubbioso et al. 2015) . We suggest that long-range horizontal projections from SI pyramidal cells may excite these GABAergic inhibitory cells, thereby increasing the inhibition on the late I waves resulting in SAI. Increasing the excitation of SI pyramidal cells with a larger afferent volley (and greater SEP amplitude) may potentiate the GABAergic inhibitory cells and increase SAI. In further support for the role of SI in SAI generation, TMS plasticity protocols targeting SI but not M1 modulate SAI (Kojima et al. 2015; Tsang et al. 2014 Tsang et al. , 2015 .
The mechanism of SEP 2 suppression relative to SEP 1 is thought to proceed by GABAergic neurotransmission (Cruikshank et al. 2007; Gatica Tossi et al. 2013 ) whereby activated pyramidal cells excite inhibitory parvalbuminexpressing interneurons (Neske et al. 2015) , likely double bouquet cells (Whitsel et al. 1999 ) that, via recurrent inhibition, act to inhibit the pyramidal cells themselves (Neske et al. 2015; Whitsel et al. 1999) . Therefore, the response to the second nerve stimulus is suppressed relative to the first. One important observation, however, is that the amplitude of SEP 2 is not altered by changes in the sensory afferent volley. Therefore, the magnitude of recurrent inhibition is largely unchanged by increases in intensity. We note that SEP 2 is not only insensitive to changes in the afferent volley but also appears to not exceed ϳ2 V, suggesting that there is a ceiling effect to which cells can be activated immediately after activation.
Practical Implications of the Research
The data presented have important implications for basic and clinical neuroscience research. First, we have identified that the stimulus-response relationship of the SAI and SEP recruitment curve is intensity specific. For example, studies that aim to alter SAI magnitude (Quartarone et al. 2006; Tsang et al. 2014 Tsang et al. , 2015 would benefit from an intensity between 25% and 50% SNAP max to allow SAI to increase or decrease accordingly. We note that MT for a twitch in APB is observed at approximately the same current needed to elicit ϳ50% SNAP max . Therefore, stimulation intensities set above MT are likely to lead to saturation in SAI and may limit opportunities to observe increases in SAI magnitude. Additionally, we note that the current for detecting ST is below the current to elicit 25% SNAP max . Therefore a stimulation intensity delivered at ST may be insufficient to observe decreases in SEPs or SAI. However, stimulation intensity delivered at 2ϫ ST provides the opportunity to observe both increases and decreases in SEPs and SAI. Furthermore, we have included the corresponding current intensity needed to achieve each SNAP. Although absolute values of current reflect impedance and hardware specifics, these data indicate that amperages associated with STs and MTs closely reflect those reported in the literature (Quartarone et al. 2006; Tsang et al. 2014 Tsang et al. , 2015 . Revealing the relationship between the cortical representation of the somatosensory afferent volley and the magnitude of M1 output may have implications for motor control. Recent research has shown the importance of SAI in both allowing movement and preventing unwanted actions (Asmussen et al. 2013 (Asmussen et al. , 2014 Voller et al. 2006) . In individuals with Parkinson's disease, reduced SAI is associated with slower gait speed (Rochester et al. 2012 ) but is unrelated to freezing of gait symptoms (Picillo et al. 2015) . The findings of the present study may help guide the methodologies of future studies examining the role of SAI in motor control.
Conclusions
Our data show that SAI and SEPs have similar recruitment profiles. These data support the hypothesis that the sensory afferent volley is a key determinant in the magni- tude of SI cortical excitation (SEPs) and inhibition within M1 (SAI) and that neural activity within SI is a significant predictor of changes in SAI. Understanding the relationship between the afferent volley and measures of sensorimotor function is essential for designing effective research studies, and understanding their interrelatedness provides new insight into the neural mechanisms that mediate the SAI circuit.
